1. Introduction {#sec1}
===============

Radical cystectomy (RC) with pelvic lymph node dissection (PLND) is the standard treatment for non-metastatic high-risk bladder cancer \[[@bib1]\]. Although open radical cystectomy (ORC) has been the gold standard procedure, this complicated procedure is associated with significant perioperative morbidity and mortality \[[@bib2]\]. Minimally invasive approaches such as laparoscopic radical cystectomy (LRC) and robotic-assisted radical cystectomy (RARC) have been increasingly performed in order to minimize surgical morbidity and improve recovery. Many studies have documented the surgical feasibility and potential benefits of LRC and RARC for bladder cancer. Minimally invasive surgery appeared to offer advantages to patients in terms of overall lower perioperative complications, decreased pain, reduced scarring, and faster recovery \[[@bib3], [@bib4], [@bib5]\]. However, oncologic outcomes following minimally invasive radical cystectomy (MIRC) are still controversial because of the lack of adequate comparative data and sufficient follow-up. In recent years, several small sample RCTs reported no major difference in short-term oncologic outcomes \[[@bib6], [@bib7], [@bib8]\], while a retrospective study based on the Surveillance, Epidemiology, and End Results (SEER) database reported that RARC was associated with a benefit in 2-year overall survival (OS) compared with ORC \[[@bib9]\]. Recently, two studies published in the *New England Journal of Medicine* found that minimally invasive radical hysterectomy was associated with shorter OS than open surgery among women with stage IA2 or IB1 cervical carcinoma \[[@bib10],[@bib11]\]. Though the surgical procedures of cervical carcinoma were different from bladder cancer, these surprising results motivated us to reassess the value of minimally invasive surgery on cancer control.

Here, 13 centers of the Chinese Bladder Cancer Consortium (CBCC) \[[@bib12]\] conducted a retrospective study to compare oncological outcomes in Asian patients with urothelial carcinoma of the bladder underwent MIRC or ORC.

2. Patients and methods {#sec2}
=======================

2.1. Patients selection {#sec2.1}
-----------------------

This study was approved by our institutional review board. Data of patients who were treated between 2007 and 2016 by experienced surgeons in 13 high-level centers of the CBCC were acquired from the CBCC database. We included patients with pathologic stage pT1-pT4a urothelial bladder cancer who had undergone RC and standard or extended PLND as primary treatment. The choice of surgical approach was mainly determined by the surgeon\'s preference and the patient\'s motivation. We excluded patients for whom the surgical approach was unknown, those who had evidence of distant metastasis at the time of surgery, those who had a preexisting cancer diagnosis, and those who had a prior history of pelvic radiotherapy or surgery. Following exclusions, 2 098 patients remained for further analyses ([Fig. 1](#fig1){ref-type="fig"}).Figure 1Flowchart diagram depicting patient selection. PLND, pelvic lymph node dissection; CBCC, Chinese Bladder Cancer Consortium; MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 1

2.2. Measures {#sec2.2}
-------------

Cancer registrars documented the primary surgical approaches as open, laparoscopic, or robotic-assisted. Patients who had undergone LRC or RARC with PLND were categorized as having undergone MIRC, even when the urinary diversion was performed as open procedures or when conversion to open surgery occurred. Demographic, perioperative, pathologic, and follow-up data were recorded by cancer registrars and ascertained through the end of 2018. Perioperative outcomes included the type of PLND, type of urinary diversion, operative time, length of hospital stays (LOS), positive surgical margins (PSM), adjuvant chemotherapy, number of lymph node (LN) yield, estimated blood loss (EBL), 90-day postoperative mortality. Oncologic outcomes included OS and CSS. OS and CSS were defined as the time from RC to death due to any cause and bladder cancer, respectively.

2.3. Statistical analysis {#sec2.3}
-------------------------

Mean and standard deviation (SD) or median and interquartile range (IQR) were used for the descriptions of quantitative variables, and frequency and percentage were used for qualitative variables. Continuous variables were compared using the Student *t*-test or non-parametric tests, whereas categorical variables were compared using the Chi-square test. The influence of surgical approaches on OS and CSS in the entire study group and pathologic stage or LN status subgroups was analyzed using the Kaplan-Meier method, and differences were assessed with the log-rank test. Multivariable Cox proportional hazard models were used to evaluate the association among OS, CSS and risk factors of interest. A *p*-value \<0.05 was considered statistically significant. Statistical analyses were conducted in Stata/SE 15.0 (Stata Corp LP, TX, USA).

3. Results {#sec3}
==========

3.1. Patient and disease characteristics {#sec3.1}
----------------------------------------

A total of 2 098 patients were included in this study. Among these patients, 1 243 (59.2%) underwent minimally invasive surgery (1 087 LRC and 156 RARC, respectively), while 855 (40.8%) patients underwent open surgery. Patients and tumor characteristic were shown in [Table 1](#tbl1){ref-type="table"}. Quantity of surgery rapidly increased for both MIRC and ORC. Baseline characteristics including age, gender, body mass index (BMI), and ASA score were similar between MIRC and ORC (*p*=0.865, 0.917, 0.821, 0.147, respectively). There were no significant differences in pathologic stage, pathologic grade, and pathologic LN involvement rate between two treatment groups. The proportion of patients with extravesical involvement (≥pT3) in MIRC and ORC groups was 26.6% and 25.95%, respectively, while LN-positive rate was 15.5% and 14.0%, respectively.Table 1Patient and tumor characteristics.Table 1CharacteristicsMinimally invasive RCOpen RC*p*-Value*n*=1 243*n*=855Year of surgery, *n* (%) 2007--2010118 (9.5)137 (16.0)\<0.001 2011--2013290 (23.3)306 (35.8) 2014--2016835 (67.2)412 (48.2)Age, year63.4±10.163.5±10.20.865Male, *n* (%)1087 (87.5)749 (87.6)0.917BMI, kg/m^2^22.8±2.422.9±2.20.821ASA score, *n* (%)0.147 Ⅰ+Ⅱ1079 (86.8)713 (83.4) Ⅲ+Ⅳ164 (13.2)142 (16.6)Pathologic stage, *n* (%)0.587 \<T2346 (27.8)244 (28.5) T2566 (45.5)390 (45.6) T3239 (19.2)148 (17.3) T492 (7.4)73 (8.5)Pathologic grade, *n* (%) High grade1065 (85.7)745 (87.1)0.341 Low grade178 (14.3)110 (12.9)Pathological nodal involvement, *n* (%)193 (15.5)120 (14.0)0.346[^2]

3.2. Perioperative outcome {#sec3.2}
--------------------------

Perioperative variables were shown in [Table 2](#tbl2){ref-type="table"}. The vast majority of patients received standard PLND. There was no significant difference in the proportion of patients who underwent standard PLND (93.2% *vs.* 94.9%, *p*=0.130). The types of urinary diversion were different between MIRC and ORC. A higher proportion of patients underwent MIRC received a diversion of neobladder (45.9% *vs.* 23.6%, *p*\<0.001). Conversion from minimally invasive surgery to open surgery was rare overall (2.2% of the cases). Minimally invasive surgery was associated with longer operative time and longer hospital stays. PSM occurred in 61 (4.9%) patients underwent MIRC and 43 (5.0%) patients underwent ORC (*p*=0.900). No difference was found in the percentage of patients who received adjuvant chemotherapy (*p*=0.212). MIRC yielded more LN than ORC with a mean of 16.2 *versus* 13.2 (*p*\<0.001). ORC was associated with more estimate blood loss than MIRC. However, 90-day postoperative mortality was equivalent (1.1% *vs.* 1.2%, *p*=0.927).Table 2Perioperative outcomes.Table 2Minimally invasive RCOpen RC*p*-Value*n*=1 243*n*=855PLND, *n* (%) Standard PLND1 159 (93.2)811 (94.9)0.130 Extended PLND84 (6.8)44 (5.2)Urinary diversion, *n* (%)\<0.001 Ileal conduit461 (37.1)339 (39.7) Neobladder571 (45.9)202 (23.6) Ureterocutaneostomy208 (16.7)311 (36.4) Other3 (0.2)3 (0.4)Open conversion, *n* (%)27 (2.2)//Operative time, min360.6±120.3288.6±90.3\<0.001Hospital stays, day28.0±9.925.0±10.0\<0.001Positive surgical margin, *n* (%)61 (4.9)43 (5.0)0.900Adjuvant chemotherapy, *n* (%)251 (20.2)192 (22.5)0.212Lymph nodes yield16.2±7.913.2±5.0\<0.001Estimate blood loss, mL402.7±517.8623.1±692.9\<0.00190-day postoperative mortality, *n* (%)34 (2.7%)24 (2.8%)0.922[^3][^4]

3.3. Oncologic outcome {#sec3.3}
----------------------

The median follow-up duration was 43.2 (IQR: 28.3--54.7) months and 60.3 (IQR: 38.2--76.9) months for MIRC and ORC, respectively (*p*\<0.001). Patients underwent ORC had relatively longer follow-up duration. Overall, 476 (38.3%) patients in the MIRC group and 352 (41.2%) in the ORC group had died at the time of analysis, among whom 398 (32.0%), and 285 (33.3%), respectively, died from bladder cancer. There was no significant difference in OS and CSS according to surgical approaches (*p*=0.850, and 0.976, respectively, [Fig. 2](#fig2){ref-type="fig"}). Subgroup analysis by pathologic stage and LN status revealed that OS and CSS were similar for patients with organ-confined cancer (≤pT2) (*p*=0.257, and 0.277, respectively, [Fig. 3](#fig3){ref-type="fig"}), patients with extravesical involvement (≥pT3) (*p*=0.329, and 0.327, respectively [Fig. 4](#fig4){ref-type="fig"}), patients without LN involvement (LN negative) (*p*=0.361 and 0.363, respectively, [Fig. 5](#fig5){ref-type="fig"}), and patients with LN involvement (LN-positive) (*p*=0.175 and 0.119, respectively, [Fig. 6](#fig6){ref-type="fig"}). Multivariable Cox regression analyses revealed that pathologic tumor stage was independently associated with a significantly increased risk of death from all causes (Hazard ratio \[HR\]=1.84, *p*\<0.001, [Table 3](#tbl3){ref-type="table"}) and death from bladder cancer (HR=2.41, *p*\<0.001). Other predictive factors for all-cause death and cancer-cause death included LN involvement (HR=2.46, *p*\<0.001, and HR=2.62, *p*\<0.001, respectively), PSM (HR=1.71, *p*=0.004, and HR=1.78, *p*=0.005, respectively), and age (HR=1.03, *p*\<0.001, and HR=1.03, *p*\<0.001, respectively). ASA score ≥3 was a risk factor for all-cause death (HR=1.28, *p*=0.028) but not for cancer-cause death (HR=1.22, *p*=0.115). The surgical approach was not an independent predictive factor for neither all-cause death nor cancer-cause death.Figure 2Survival of the whole patient group underwent radical cystectomy, stratified by surgical approach (MIRC or ORC). (A) Overall survival (OS); (B) Cancer-specific survival (CSS). MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 2Figure 3Survival of patients with organ-confined cancer (≤pT2), stratified by surgical approach (MIRC or ORC). (A) Overall survival (OS); (B) Cancer-specific survival (CSS). MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 3Figure 4Survival of patients with extravesical involvement (≥pT3), stratified by surgical approach (MIRC or ORC). (A) Overall survival (OS); (B) Cancer-specific survival (CSS). MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 4Figure 5Survival of patients without lymph node involvement (LN-positive), stratified by surgical approach (MIRC or ORC). (A) Overall survival (OS); (B) Cancer-specific survival (CSS). MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 5Figure 6Survival of patients with lymph node involvement (LN+), stratified by surgical approach (MIRC or ORC). (A) Overall survival (OS); (B) Cancer-specific survival (CSS). MIRC, minimally invasive radical cystectomy; ORC, open radical cystectomy.Figure 6Table 3Multivariable Cox proportional hazard regression analyses.Table 3characteristicsOSCSSHR95% CI*p*-ValueHR95% CI*p*-ValueYear of surgery 2007--2010Reference 2011--20131.030.88--1.210.7031.010.85--1.160.889 2014--20160.930.76--1.080.2320.960.81--1.150.686Age, year1.031.02--1.04\<0.0011.031.01--1.04\<0.001Gender MaleReference Female1.150.85--1.550.4981.180.84--1.660.342BMI kg/m^2^0.960.93--1.000.0710.990.95--1.040.802ASA group Ⅰ+ⅡReference Ⅲ+Ⅳ1.281.03--1.600.0281.220.95--1.570.115Surgical approach OpenReference Minimally invasive0.950.77--1.170.6530.970.77--1.230.816Pathologic stage ≤T2Reference ≥T31.841.46--2.31\<0.0012.411.86--3.13\<0.001Pathologic grade LGReference HG1.260.88--1.800.2091.070.72--1.590.749Pathological nodal involvement NoReference Yes2.461.93--3.13\<0.0012.622.00--3.42\<0.001Positive surgical margin NoReference Yes1.711.19--2.460.0041.781.19--2.660.005PLND Standard PLNDReference Extensive PLND1.260.93--1.720.1351.300.92--1.830.139[^5]

4. Discussion {#sec4}
=============

Due to data limitations, LRC and RARC were still considered as investigational procedures for which no advantages in oncologic outcome could be shown as compared to ORC. Therefore, we conducted this multicenter study of minimally invasive surgery *vs.* open surgery, with a maximum follow-up of more than 10 years. A total of 2 098 patients who met the criterion were included. To our knowledge, this is the largest series studied oncologic outcome between MIRC and ORC in the Asian population. The baseline characteristics of the patients and tumor were well matched. All patients underwent RC and PLND by experienced surgeons from high-volume centers of the CBCC. Therefore, we minimized the bias introduced by patient selection and surgeon\'s experience and provided sound evidence comparing MIRC and ORC.

Consistent with other studies \[[@bib13],[@bib14]\], we found that MIRC was associated with less EBL. The type of urinary diversion was determined by the preference of surgeons. Neobladder, which was a very complex procedure, was performed more often in MIRC than ORC (45.9% *vs.* 23.6%, *p*\<0.001). Thus, it was reasonable that the operative time was significantly longer in MIRC compared with ORC. The LOS was determined by several factors, including recovery protocol and postoperative complications. Because the CBCC database does not contain enough information about postoperative complications, we cannot determine the main reason of longer LOS for patients who underwent MIRC. Previous study comparing cancer control in patients with neobladder and ileal conduit showed no difference in CSS between the two groups when adjusting for pathological stage \[[@bib15]\]. Neobladder in male and female patients does not compromise the oncological outcome of cystectomy.

There were no significant differences in PSM rate between MIRC and ORC. PSM is an independent predictor of metastatic progression in patients undergoing radical cystectomy, which increased the risk of metastatic progression at 5 years from 32% to 74% \[[@bib16]\]. The incidence of PSM ranged from 1% to 12.7% of the ORC cases, from 2% to 6% of the LRC cases, and from 0%--10.6% of the RARC cases \[[@bib13],[@bib17]\]. In our trial, the PSM rate was 4.9% (61/1 263) in MIRC, and 5.0% (43/855) in ORC, respectively, which were similar to reported studies. Tumor infiltration may be the main limitation in achieving a negative margin \[[@bib7],[@bib13]\]. PSM was associated with extravesical involvement tumor but not surgical approaches.

PLND is essential for both accurate staging and adequate local and regional control \[[@bib18]\]. Several studies have taken LN yield as an indicator of the surgical quality of RC \[[@bib4],[@bib19]\]. Although extensive PLND may yield more LN, it meanwhile associated with higher morbidity. It was still controversial for the optimal range of PLND \[[@bib20],[@bib21]\]. It was widely accepted that qualified RC should include at least standard PLND. We conducted standard PLND as routine and extensive PLND if necessary, for example, when patients were diagnosed with non-organ-confined or LN-positive cancer preoperatively or intraoperatively. The proportion of extensive PLND was similar between MIRC and ORC. Our result showed that MIRC yielded more LN than ORC, with a mean of 16.2 versus 13.2. Previous study \[[@bib9]\] reported that RARC was associated with higher LN count than ORC, with a median of 17 versus 12, which was consistent with our study. Herr et al. \[[@bib22]\] proposed that a PSM rate of less than 10% with a median of 10--14 LNs examined is a reasonable overall standard for RC. PSM rates for MIRC and ORC in this study were 4.9% and 5.0%, respectively (*p*=0.633). Median LN yields were significantly lower in ORC than in MIRC (*p*\<0.001), but all gave adequate yields of \>10 LNs. We consider that on the basis of qualified PLND, LN yielded was not associated with better survival.

Long-term survival is the final touchstone for the oncologic efficiency of minimally invasive RC. A European LRC multicenter study \[[@bib23]\] reported that actuarial recurrence-free survival (RFS), CSS and OS rates were 66%, 75% and 62% at 5 years and 62%, 55%, 38% at 10 years with a median follow-up of 50 months, which was comparable to our previously reported Asian LRC single-surgeon study \[[@bib19]\]. Ten-year oncologic outcomes of RARC based on the International Robotic Cystectomy Consortium (IRCC) database seemed comparable to previously reported open series \[[@bib24]\]. However, few studies have reported a comparison of survival between MIRC and ORC. In the present study, we noted that CSS and OS were not affected by surgical technique with a mean follow-up of 50.2 months, which was consistent with previous studies. Lin et al. \[[@bib7]\] found no significant difference in RFS and OS between LRC and ORC with a median follow-up of 26 months. Recently, two RCTs also reported the oncologic outcome of RARC *vs.* ORC \[[@bib6],[@bib8]\]. The RAZOR trial \[[@bib8]\] revealed that RARC was non-inferior to ORC for 2-year progression-free survival (PFS). Its update still showed no difference in recurrence, 3-year PFS and 3-year OS between RARC and ORC \[[@bib25]\]. Bochner et al. \[[@bib6]\] demonstrated no difference in RFS, OS, or CSS between RARC and ORC with a median follow-up of 4.9 years. Retrospective comparative studies also found that MIRC and ORC provide similar oncologic outcomes \[[@bib26], [@bib27], [@bib28]\]. Most of the previous studies showed that MIRC was equivalent to ORC on cancer control. However, Hanna et al. \[[@bib9]\] reported that RARC was associated with a 7.7% higher OS rate at 2 years based on the SEER database. In contrast to other studies, we additionally performed subgroup analysis according to pathologic stage and LN status, confirmed that there was no significant difference between minimally invasive and open approach with regard to OS and CSS.

The present study showed that pathologic tumor stage, LN status, and presences of PSM predicted OS and CSS by multivariable cox regression. Age was also a predictive factor associated with OS and CSS because elderly patients were more likely to have high-risk tumor and inactive follow-up. Consistent with our study, several previous studies \[[@bib16],[@bib19],[@bib29]\] also demonstrated that these prognostic factors were associated with oncologic outcomes in patients who underwent RC. However, the type of surgical approach for RC was not a significant predictor of OS or CSS.

This study has several limitations. Foremost, the retrospective nature of this study should be considered. There might have been a selection bias and surgeon bias. The type of surgical approach is mainly determined by surgeon\'s preference and patient\'s characteristic. The uneven distribution among ORC and MIRC between centers could have affected the observed differences. The study period is long, and it remains unclear whether this factor would influence the outcomes. Moreover, the database does not provide enough information about postoperative complications, recovery protocol, extracorporeal or intracorporeal diversion, so we cannot provide a complete depiction of some perioperative outcomes. Additionally, although most of these patients received regular follow-up and physical check, we still cannot accurately document the date of recurrence and metastasis of some patients, so RFS and cancer-free survival were not examined in our study.

It is so far the study with the longest follow-up period and the largest sample-size comparing minimally invasive and open radical cystectomy in the Asian population. All the surgeons are from Chinese high-level urological centers and have extensive experience in minimally invasive and open surgery. Although our results showed no difference in the survival of bladder cancer between these two groups, it does not mean that minimally surgery is generally equivalent to open surgery. It requires more skill, more training, and a longer learning curve. Therefore, the interpretation of the results must be more careful.

5. Conclusion {#sec5}
=============

Minimally invasive cystectomy, such as RARC or LRC, was comparable to ORC with regard to OS and CSS. MIRC can be performed as an alternative to ORC. Future large sample size RCTs with longer follow-up are needed to provide more convincing survival outcomes.
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